A delay in bedtime occurs in adolescence compared with childhood. However, the early waking that morning school hours impose leads to partial sleep deprivation. Although exposure to light is the most important regulator of circadian rhythm in mammals, physical exercise influences circadian synchronization. To assess the effect of morning physical exercise in sunlight on the sleep-wake cycle (SWC) in adolescents, 160 first-and second-year high-school students were exposed to classes in their usual classroom (Group C) or in a swimming pool exposed to sunlight (Group E) while physically exercising (EE; i.e., swimming) or resting (EL). At baseline, we applied Health and Sleep and Horne & Ostberg chronotype assessment questionnaires. One week later and during the intervention, we applied the Sleep Diary and Karolinska Sleepiness Scale. During the intervention we observed no changes in bedtime, time in bed and in indices of irregularity of bedtime and wake-up time. The changes observed in wake-up time (i.e., a delay in the EE group on Saturday), sleep quality (i.e., an improvement), and sleepiness (i.e., an increase) were also observed in the control group, discarding an intervention effect. We suggest that morning physical exercise in sunlight had no effect on SWC parameters, sleep quality, or daytime sleepiness, possibly because of the large irregularity in the SWC between weekdays and weekends in adolescent students as well as the low frequency and duration of exercise during the intervention. Therefore, studies that evaluate a higher frequency or duration of exercise are needed to assess its effect on the SWC in adolescents.
Introduction
Adolescence is characterized by innumerable transformations such as a delay in bedtimes and wakeup times compared with childhood and adulthood and a greater need for sleep compared with adulthood. This delay has long been considered a psychosocial modification that results from the lifestyle during this phase, characterized by increased socialization (Carskadon, 2002; and reinforced by other social factors such as decreased parental discipline with regard to bedtime (Carskadon, 2002) , extracurricular employment (Teixeira et al., 2007) , and increased school activities (Carskadon, 2002) .
Nevertheless, the delay in bedtimes during adolescence is linked not only to social factors but also to biological factors (Andrade, Benedito-Silva, Domenice, Arnhold, & Menna-Barreto, 1993; Wolfson et al., 2002; Carskadon, Acebo, & Jenni, 2004) . Among the biological factors, evidence indicates that changes occur in the circadian and homeostatic processes of sleep-wake cycle (SWC) regulation during puberty (Carskadon et al., 2004; Taylor, Jenni, Acebo, & Carskadon, 2005; Carskadon, 2011) . With regard to the circadian component, a delay in the circadian pattern has been proposed, possibly caused by an increase in the endogenous period reflected by a delay in the secretion of melatonin and other rhythms. Additionally, a change in sensitivity to light may occur that decreases in the morning and increases later in the day.
However, the morning school schedule is in contrast to the delay (i.e., adolescents go to bed and wake up earlier during the week). Consequently, they sleep less and exhibit partial sleep deprivation and irregular wake-up times between weekdays and weekends (Taillard, Philip, & Bioulac, 1999; Saarenpää-Heikkila, Rintahaka, Laupalla, & Koivikko, 2000; Louzada & Menna-Barreto, 2003) . This irregular SWC and daily loss of sleep lead to an increase in daytime sleepiness and a decline in school performance compared with more regular sleep patterns (Wolfson & Carskadon, 1998; .
This pattern has been observed in several countries, confirming that adolescents who study in the morning represent a portion of the population who may face health problems caused by sleep deprivation (Wolfson & Carskadon, 1998; Epstein, Chilag, & Lavie, 1998; Andrade & Menna-Barreto, 2002) . Therefore, interventions are necessary within the school setting. Despite the positive effects of later school start times (Epstein et al., 1998; Wahlstrom, 2002) , implementation of such modification is complex and involves not only students and teachers but also several aspects of social life associated with school. As an alternative intervention, educational programs (Cortesi, Giannotti, Sebastiani, Bruni, & Ottaviano, 2004; Sousa, Araújo, & Azevedo, 2007; Cain, Gradisar, & Moseley, 2011) have been evaluated in school settings to inform students about sleep to prevent the negative effects of sleep deprivation on school days. To minimize the delay in sleep in adolescents, few studies have evaluated the effect of SWC synchronizers in a school environment (Sousa, 2009; Hansen, Janssen, Schiff, Zee, & Dubocovich, 2005) . Evaluation of these factors can expand the intervention alternatives within a school context.
The main synchronizing factor of the SWC is the environmental light-dark cycle (Czeisler et al., 1986 (Czeisler et al., , 1989 Czeisler & Khalsa, 2000; Youngstedt, Kripke, & Elliott, 2002) . The effect of this cycle on the SWC has been assessed by numerous studies. Pulses of bright light generate phase delays and advances in the circadian rhythm of humans (Honma, Honma, & Wada, 1987; Czeisler & Khalsa, 2000; Samková, Vondrasova, Hájek, & Illnerova, 1997) . These effects vary according to the time of their occurrence in the organism (Khalsa, Jewett, Cajochen, & Czeisler, 2003) . Regardless of bedtime preference (i.e., chronotype), individuals who are exposed to early morning sunlight undergo advances in sleep onset of 30 min for each hour of light exposure (Roenneberg, Wirtz-Justice, & Merrow, 2003) , although exposure to light between early evening and during the night promotes delays in sleep onset (Khalsa et al., 2003) .
Although light exposure is considered the most important regulator of the circadian system in mammals (Meijer, Michel, & Vansteensel, 2007) , studies of rodents and humans indicate that physical exercise (PE) influences circadian synchronization (Mistlberger & Skene, 2005) because of the ability to modify the temporal relationship between the organism and the environment, acting as a synchronizer of biological oscillators (Back, Fortes, Santos, Tambelli, MennaBarreto, & Louzada, 2007) . Physical exercise triggers a phase delay between the middle and end of the resting phase in humans (Barger, Wright, Hughes, & Czeisler, 2004; Van Reeth et al., 1994) , but controversy exists regarding the time at which the circadian system responds by triggering phase advances (Atkinson, Edwards, Reilly, & Waterhouse, 2007; Buxton, Lee, L'Hermite-Baleriaux, Turek, & Van Cauter, 2003; Miyazaki, Hashimoto, Masubuchi, Honma, & Honma, 2001; Piercy & Lack, 1988) . Buxton et al. (2003) observed phase advances in response to high-intensity PE performed in the early evening, whereas Piercy & Lack (1988) reported a phase advance in temperature rhythm and a shorter delay to the first episode of rapideye-movement sleep in response to morning PE (6:00 AM-8:00 AM) in individuals exposed to sunlight compared with PE performed in the late afternoon and early evening (5:00 PM-7:00 PM).
In addition to these effects, PE is related to the promotion of health and well-being. Sherrill, Kotchou, & Quan (1998) observed a significantly lower prevalence of sleep problems and daily napping episodes in individuals who engaged in PE compared to subjects who were sedentary, which was associated with the beneficial effects of PE on sleep quality and self-esteem. Additionally, the regular practice of high levels of physical activity is positively related to sleep quality and psychological function in adolescents (Brand et al., 2010) . It is also related to a lower frequency of drug use and a higher propensity to participate in health-promoting behaviors (Delisle, Werch, Wong, Bian, & Weiler, 2010) .
The evaluation of the application of PE associated with morning sunlight represents one possible intervention in the school setting, due to the response of the circadian system to light and PE. Intervention in the school environment assessed by the effect of sunlight exposure in the early hours of the morning 5 days per week on the SWC in adolescents shows a tendency to advance bedtime (Sousa, 2009) . In contrast, exposure to intense artificial light in the morning did not affect nocturnal sleep in adolescents or decrease daytime sleepiness during weekdays (Hansen et al., 2005) .
However, given that the impact of morning PE on the SWC has not been assessed in adolescents (Mistlberger & Skene, 2005) , more investigations are needed. Thus, we evaluated the effect of morning PE in sunlight on the SWC in adolescents. We expected to observe an advance in bedtimes and wake-up times, an increase in time in bed, an improvement in sleep quality, and a reduction in daytime sleepiness.
Methods

Subjects
This study was approved by the institutional ethics committee (protocol no. 006/2007, UFRN). The sample was composed of 160 high-school students aged 14-17 years (16 ± .7 years); 55% were girls and 45% were boys. Considering housing conditions, the majority (61%) of the students shared a house with three to four persons. Approximately 47% of the students slept alone in a room, and 33% slept with only one other person. Regarding the level of education of the person who was financially responsible for the family, 50% had completed graduate courses.
Exclusion criteria included students who did not submit an informed consent form signed by their parents or legal guardians or did not correctly complete the questionnaires, as well as the inability to swim and health problems (respiratory and psychosomatic).
Apparatus
Initially, a general characterization of the students was conducted with respect to sleep habits and chronotype using the Health and Sleep (Mathias, Sanchez, & Andrade, 2006) and Horne-Ostberg questionnaires, respectively. Moreover, the SWC was assessed at two stages (baseline and during the intervention) using the Sleep Diary with regard to the following variables: bedtime, wake-up time, time spent in bed, an index of bedtime and wake-up time irregularity assessed by the standard deviation of bedtime and wakeup time, and frequency, time, and duration of napping. Daytime sleepiness was assessed by the Karolinska Sleepiness Scale (KSS). Alertness was assessed by the Psychomotor Vigilance Test (PVT). Students also completed a self-assessment questionnaire that assessed the effect of the intervention of the study on their SWC. This self-assessment ascertained which discipline kept them most alert in the early morning hours.
Procedure
Three groups were assessed: control group (C, n = 68; the students attended class in their usual classroom under illumination of 142.3 ± 4.7 lux) and two experimental groups exposed to sunlight (34.190 ± 137 lux), one of which engaged in physical exercise (experimental exercise [EE] group, n = 49) and the other which remained at rest (experimental light [EL] group, n = 43).
The SWC of each group was evaluated for two consecutive weeks. The first week was considered baseline (Stage 1). The intervention was done during the second week on two days (Monday and Wednesday) in the students' first class (between 7:45 AM and 8:30 AM), which substituted for their usual class.
Physical exercise consisted of a swimming class in an outdoor pool between 7:45 AM and 8:30 AM. Swimming involved different styles such as the crawl and breaststroke for 30 min followed by a 30-s rest interval. Before swimming, the students engaged in muscle-stretching exercises. During the procedure, we assessed light intensity at eye level using a digital light meter (ICEL, LD-500).
Statistical analysis
Bedtime (BT), wake-up time (WT), time in bed (TB), indices of bedtime (BI) and wake-up time irregularities (WI), sleep quality (SQ), and reaction time (RT) were compared between stages using repeated-measures analysis of variance (ANOVA). The three groups were compared with the two stages as the repeated measures. Also, the seven weekdays were considered repeated measures for the analysis of BT, WT, TB and SQ, and the 2 h of the day tested were the repeated measures for RT analysis. Moreover, daytime sleepiness assessed by the KSS was evaluated using repeated-measures analysis of variance. However, missing data as a result of incomplete questionnaires precluded the application of ANOVA using the two stages, the seven days and the 6 h/day as repeated measures. Thus, a similar design was applied for each day of the week, considering the two stages and 6 h/day as the repeated measures. Tukey test was used for post hoc analysis.
The frequency of naps during the week and weekend was compared between groups and stages using the c 2 test. The beginning, end, and duration of napping were analyzed by factorial ANOVA, with the two groups, two stages, and two types of days of week (week and weekend) as factors. All tests were conducted using Statistica software (StatSoft); significance level was established at 5%. Figure  1 ). However, repeated-measures ANOVA revealed an interaction between stage, day, and group for WT (F 12,582 = 1.94, p < .05), indicating distinct differences between Stage 1 and 2. During Stage 2, students in the EE and C groups woke up later on Saturday (p < .05, Tukey test). The C group woke up earlier on Monday (p < .05, Tukey test). This difference was not related to the intervention because it was also observed in the C group.
Results
Bedtime
Furthermore, the groups did not differ with regard to BT (F 2,105 = 1.65, p > .05) and TB (F 2,98 = .07, p > .05) in both stages (F 1,105 = .35, p > .05). With regard to WT, the EE group woke up later than the other groups (F 2,97 = 7.87, p < .05) with no differences between stages (F 2,97 = .80, p > .05), ruling out the possibility of an interventional effect.
Differences were found in BT (F 6,630 = 26.73, p < .05), WT (F 6,582 = 122.91, p < .05), and TB (F 6,588 = 16.31, p < .05) between weekdays and weekend days ( Figure  1) . Throughout the week, students went to bed later on Saturdays (p < .05, Tukey test). They had later BT on Fridays compared with Mondays and Wednesdays and later BT on Sundays compared with Tuesdays (p < .05, Tukey test). They woke up later on Sundays, followed by Saturdays and then Mondays compared with the other days of the week (p < .05, Tukey test). EE and EL groups did not exhibit differences between Mondays and the other days of the week (Tuesday-Friday, p > .05, Tukey test). Students spent more TB on Saturday and Friday nights compared with the other nights of the week (p < .05, Tukey test). Repeated-measures ANOVA revealed an interaction between day and stage for BT (F 6,630 = 2.19, p < .05) and WT (F 6,588 = 4.84, p < .05), but this was not observed for the group factor (BT, F 12,630 = 1.30, p > .05; WT, F 12,588 = 1.71, p > .05). Thus, the variations in the occurrence of these differences during the week and on weekend days were similar in all groups and were not linked to interventional effects. Reaction time was not different between stages (F 1,32 = 2.27, p > .05; Figure 4) , although a trend was found toward differences between groups (F 2,32 = 3.29, p = .05). The C group had shorter reaction times than the EE group (p < .05, Tukey test) during both stages (F 2,32 = .97, p > .05).
With regard to the subjective effects of the physical education classes, 55.6% of the students reported that physical education was the discipline that would keep them most alert during the early morning hours (c 2 = 1.25, p > .05). 
Discussion
The SWC profiles that we found among students at baseline were similar to those observed in Brazilians (Andrade et al., 1993; Louzada & Menna-Barreto, 2003; Sousa et al., 2007) , Americans (Shinkoda, Matsumoto, Park, & Nagashima, 2000; Iglowstein, Jenni, Mollinari, & Largo, 2003) , and Italians (Giannotti & Cortesi, 2002) . The students showed later and longer nocturnal sleep on weekends and earlier and shorter nocturnal sleep on weekdays, confirming the SWC irregularity characteristic of students who study in the morning (Andrade et al., 1993; Wolfson & Carskadon, 1998; Shinkoda et al., 2000; Giannotti & Cortesi, 2002; Iglowstein et al., 2003) . These characteristics contribute to the difficulties that adolescents have in going to bed earlier in addition to the greater demands of high school compared with primary school, resulting in poorer nocturnal sleep quality and duration (Shinkoda et al., 2000) . Thus, on weekdays, students exhibit partial sleep deprivation, which has serious consequences for physical, emotional, intellectual, psychological, and social development (Giannotti & Cortesi, 2002) .
During the intervention we observed no changes in BT, TB and in indices of BT and WT irregularity. The delay in WT observed in the EE group on Saturday also occurred in the C group. Thus, no interventional effect can be assumed. Our results differ from those obtained by Piercy & Lack (1988) who assessed the effect of PE performed in sunlight in adults at least five times per week during a 3-week interval (running 8-12 km for 35-55 min/day), in which phase advances were observed in response to morning PE. Lack of effects of PE observed in the present study may be associated with the lower frequency or duration of exercise during the intervention (30 min of swimming for 2 days of 1 week). Our results are similar to the findings of Moog & Hildebrant (1986) in which no changes were observed in the SWC in response to 15 min of early morning PE (cycling) for 2 days over a interval of 2 weeks. Youngstedt et al. (2002) found no effect of PE on the response to bright light pulses in a protocol that used high-intensity exercise (cycling on an ergometer for 3 h in one night). Despite the high intensity of exercise, the authors argued that this may be insufficient to elicit effects because the subjects had extremely high fitness levels.
Another factor that may contribute to the lack of effects may be the conditions under which the study was performed. As stated by Back et al. (2007) , a synchronizer effect of PE is usually observed in protocols in which the subjects are in a laboratory setting under controlled conditions where the influence of photic and nonphotic synchronizers is reduced (Barger et al., 2004 , Buxton et al., 2003 Miyazaki et al., 2001; Van Reeth et al., 1994) With regard to sleep quality, an improvement was found during Stage 2 in all groups, indicating no interventional effect. The absence of effects of PE on sleep quality is similar to observations in college students (Lund, Reider, Whiting, & Prichard, 2010 ) but dissimilar to observations in high school students (Brand et al., 2010; Delisle et al., 2010) . The present results may also be related to the frequency or duration of PE. Studies that have shown a positive association between PE and sleep quality in adolescents used high levels of vigorous exercise in students (Delisle et al., 2010) and athletes (Brand et al., 2010) . The higher levels of sleep quality on weekend nights in all groups were also observed by Sousa et al. (2007) in adolescents and may be associated with the absence of the pressures of morning school schedules.
Our hypothesis that the present intervention and sunlight would promote decreases in daytime sleepiness and changes in the other variables (frequency, beginning, end, and duration of napping and reaction time) was not confirmed. An increase in sleepiness was observed during Stage 2, but this was observed in all of the groups, ruling out the possibility of an interventional effect. Daytime sleepiness exhibited a daily profile characterized by greater alertness at 8:30 AM, 11:30 AM, and 2:30 PM and greater sleepiness at wake-up time and bedtime. On weekends, adolescents felt more alert, similar to the observations of Andrade et al. (1993) , Teixeira et al. (2007) , and Sousa et al. (2007) .
The absence of the expected effects of the intervention on the SWC may be associated with the frequency or duration of PE or the type of intervention. Students were evaluated in a school setting, and we did not monitor or control other factors that may have impacted the results such as evening habits that lead to light exposure near bedtime and caffeine intake that may delay bedtimes, thus increasing the irregularities in BT and WT during the week and on weekends. Students exhibited irregularities of BT and WT of nearly 80 min and 100 min, respectively. An intervention with a longer frequency or duration may be necessary to elicit changes in the large irregularity of sleep schedules and lead to the expected effect on sleep duration and sleep quality and, consequently, daytime sleepiness. Another limitation of our study was incomplete questionnaire data, which may have contributed to the difficulties in the statistical analysis.
Absence of the expected interventional effects on the SWC and the lack of knowledge about the neural mechanisms involved in social, nonphotic synchronization do not necessarily diminish the importance of social factors in the regulation of the relationship between human rhythms and the photic synchronizer, the natural light-dark cycle (Back et al., 2007) . Therefore, because of the synchronizing effect of PE on the SWC and the subjective effects of physical education classes reported by the students as the discipline that keeps them most alert early in the morning, more extensive studies on the effects of PE in this age group are needed. This can be achieved by applying more frequent interventions with a greater duration and photic and nonphotic controls to promote a better assessment of the effects of PE on the SWC.
In summary, PE in the morning in sunlight had no effect on SWC parameters, sleep quality, or daytime sleepiness in adolescent students, possibly because of the large irregularity in the SWC between weekdays and weekends associated with the low frequency/duration of exercise during the intervention.
